on the fact that on contact with the specific antigen, lymphocytes from a sensitized individual produce a soluble migration inhibition factor (MIF) which modifies leukocyte migration. Testing leukocytes in vitro against an antigen to which the individual is hypersensitive usually results in inhibition of leukocyte migration, whereas in the absence of antigen cell migration is unaffected.
The effect of antigen on cell migration was expressed as migration index as follows: area of migration in presence of antigen/area of migration in absence of antigen. A migration index (MI) of 0.8 and less was considered to indicate a positive result. These results are summarized in Table 2 . 
Discussion
The precise reason for the presence of enterobacteria in the mouths of the individuals examined is not clear. It may be related to treatment with antibiotics and steroids, as most of the patients from whom these bacteria could be isolated were taking such drugs at the time of examination or had done so in the recent past. It is also possible thiat in some of our patients the presence of oral E. co i was related to their regular attendance at the follow-up clinic, since E. coli have been isolated from the hair of 20% of groups of inpatients, medical and nursing staff of a hospital (Summers et al. 1965) . 'Natural' IgA class antibodies may play a role as Ecological determinants by influencing selective bacterial adherence to oral epithelial surfaces (Gibbons & Van Houte 1971 , Williams & Gibbons 1972 . Reduced production of parotid IgA in patients with active Crohn's disease of the bowel (Basu et al. 1975 ) could then explain the presence of E. coli in the mouths of such patients.
Lymphocytes from patients with colitis release MIF when they are exposed to both phenolwater extracts of E. coli 0119:B14 (Watson & Matrucci 1973) (1974) has proposed that only in genetically predisposed individuals does the interaction of enterobacterial antigens-and sensitized lymphocytes cause the latter to release biologic rpediators with subsequent inflammation of the tissues at the site of challenge, i.e. bowel wall.
The results from our preliminary studies indicate that an analogous immunological mechanism may be responsible for the development of oral lesions in patients with Crohn's disease. It appears possible that in these patients biological mediators are released by sensitized lymphocytes when E. coli antigens and related klebsiella 0 antigens (0rskov 1954) from the mouth enter the oral tissues, with consequent development of inflammatory lesions. ubiquitous fungus successfully to challenge the body's defence mechanisms and cause disease. Candida-associated diseases vary from the relatively innocuous and common denture stomatitis to far more serious disseminated infections. The increasing incidence of candidiasis has aroused much interest in the pathogenesis of this condition and studies in recent years have done much to improve our understanding of the relationship between the fungus and its host. Clinical investigations have revealed factors which predispose the individual to candidal infections such as the use of steroid, antibiotic and immunosuppressive therapy (Walker 1975) , while experimental studies in both animals (Hasenclever & Mitchell 1961 , Jones & Russell 1973 ) and man (Maibach & Kligman 1962 , Rebora et al. 1973 ) have examined the response of host tissues to candidal invasion. At the same time mycologists have studied the behaviour of the fungus alone with particular regard to its potential as a pathogen (Taschdjian & Kozinn 1961 , Chataway et al. 1971 .
One of the experimental approaches used in recent years in the investigation of mucocutaneous diseases, including candidiasis, has been that of establishing an in vitro model system. Chick chorio-allantoic membrane has been used in this way to assess the pathogenicity of candida species (Partridge 1959) and to study the hyperplastic response of an ectoderm to candidal invasion (Cawson 1973) . The culture of human gingival tissue and its infection with C. albicans was proposed as a useful model by Pemberton & Turner (1973) but more recent studies on the maintenance of oral mucosa in vitro (Miles 1974 , Hill 1976 ) suggest that neonatal animals would be a more reliable source of oral tissue for in vitro studies.
The study to be described here involved the infection of cultured animal oral tissues with candida species as a model system of mucosal candidiasis. The tissues were taken from neonatal animals and were from three different regions of the oral mucosa so as to reflect the spectrum of epithelial keratinization; thus the dorsal mucosa of rat tongue provided an orthokeratinized mucosa, the rabbit tongue a parakeratinized mucosa and the rabbit buccal mucosa a nonkeratinized mucosal surface. Explants of epithelium and some supporting connective tissue 1-2 mm square were prepared and maintained by the method of Miles (1974) , using a chemically defined nutrient medium. Within 24 hours the explants were inoculated with candida, either by a microinoculation technique which distributed 10-15 yeast cells on the tissue surface, or by means of a fine-gauge wire which provided a greater number of yeasts. The tissues were cultured for varying periods of time up to 40 hours and were then harvested and processed for light or electron microscopy.
The initial experiments established that the tissue in culture was not acting merely as a passive growth medium in which any fungal strain irrespective of its pathogenicity could proliferate: This was achieved by comparing the invasive activities in the in vitro system of five species of candida previously reported to have different pathogenicities (Hurley & Stanley 1969) . The activity of the species was assessed by histological examination but in some cases superficial Fg N'Onkeratinized rabbit buccal miucosa in vitro invadedby C. tropicalis. PASandhaematoxylin. x 300 invasion of the epithelium was difficult to discern so that confirmation of actual invasion was sought at an ultrastructural level using the scanning electron microscope. All the five species of candida selected -C. albicans, C. tropicalis, C. krusei, C. parapsilosis and C. guilliernwon1diigrew well under conditions of culture and large numbers of fungi could be seen growing on and around the explants. C. albicans was the only species able to invade all the tissues present in the variouLs types of mucosa. The hyphal phase of C. albicans could be seen to penetrate the superficial keratin layer of rat tongue by 18 hours. As the incubation time increased the penetration of the tissues progressed so that by 28 hours the hyphx had penetrated the basal epithelial cells and basement membrane (Fig 1) and by 35 hours were deeply invading the connective tissue. C. tropicalis and C. krusei were unable to penetrate, the keratin layer and invade tissues from the surface, but yeasts growing around the edge of the explants proliferated next to the exposed connective tissue and so invaded this tissue and reached the lower nucleated cells of the epithelium from below. C. parapsilosis and C. guilliermondii showed no active invasion of either epithelium or connective tissue. The keratin layer of rat tongue thus appears to act as a barrier to invasion by all but the virulent strains of candida (Howlett 1976 ).
Such an effective barrier was not present in the nonkeratinized epithelium of rabbit cheek mucosa. C. albicans again invaded all the tissues present and C. tropicalis was also able to penetrate from the surface as far as the middle layers of the epithelium (Fig 2) while C. krusei only entered the superficial layers during the period of culture and C. parapsilosis and C. guilliermondii did not invade at all. Confirmation of epithelial invasion was obtained with the'scanning electron microscope by means of which hyphte of C. albicans were seen entering both keratinized and nonkeratinized mucosa (Fig 3) and hyphe of C. tropicalis and C. krusei could be seen invading the surface cells of nonkeratinized epithelium. The pattern of progressive invasion displayed by these species of candida seems to indicate that mucosal tissues in vitro are not merely acting as an accumulation of cells serving as a passive growth medium for the fungi, but behave in many ways like tissues in vivo. This finding supports the view that the culture system is a useful one in which to study the interaction between invading fungi and host epithelium, and the remaining portion of this paper presents some morphological aspects of the invasion of oral epithelium by C. albicans which is the major pathogen. The initial invasion of mucosa in vitro by C. albicans bears a close resemblance to the naturally occurring disease. Long pseudohyphe penetrate through the superficial layers of the epithelium, the yeast form being present within the tissues only when invasion is heavy. However, one striking difference from the behaviour of the fungus in vivo is the deeper penetration of epithelial tissues seen in culture. Hyphte in mucocutaneous candidiasis in humans and animals are usually confined to the superficial epithelial layers and it has been suggested that this is due to factors produced within the deeper epithelial layers which limit fungal growth (Taschdjian & Kozinn 1960) . While such local factors may have been lost in vitro it would seem more likely that the deep penetration reflects the absence of systemic components within the culture system. However, it is possible to add such factors as serum and soluble antibody fractions to the culture system, and recent experiments have evaluated the effect of adding both serum and isolated IgG fractions from rabbits immunized against C. albicans, as well as non-immune rabbit serum. The initial results suggest that these factors alone do not significantly alter the pattern of tissue invasion in vitro and it seems likely that complement and the cellular immune system also play an active role in the restriction of candidal invasion in vivo (Ray & Wuepper 1975) . Ultrastructural investigations have shown that fungal invasion of the superficial layers of the epithelium in vitro is similar to that described and illustrated in vivo by Cawson & Rajasingham (1972) and more recently by Mohamed (1975) . As can be seen in Fig 4 fungal cells appeared scattered in both intracellular and extracellular locations among the loosely attached superficial squames, while deeper in the epithelium the hyphe were invariably intracellular. The presence of the candida within the superficial cells seldom 20 appears to disrupt the host cell, although on occasion (Fig 4) a loss of cell substance surrounding the hyphe was evident. While this may be due to some artifactual shrinkage of the tissues it could also indicate local enzymatic digestion of the cell substance by the hyph, during the invasive process. The fungi situated in the spinous and basal epithelial cells often appear surrounded by a distinct plasma membrane, suggesting that these vital epithelial cells are capable of enclosing the hyphe within phagocytic vacuoles in an attempt to exclude the parasite from the cell. A further association was seen between apparently degenerate cells within the deeper epithelial layers and the presence of candidal hyphe. Since some cell death may have occurred during preparation of explants the fungi may merely have a propensity for these less metabolically active cells; alternatively, the presence of candida within the cells, especially within the nucleus, may lead to degeneration and cell death. Further consideration of the relationship between candida and the metabolically active epithelial cells may do much to reveal the factors which have a role to play in the limitation of fungal penetration in vivo.
We may conclude from these studies that the in vitro system of mucosal candidiasis forms a useful experimental model in which to investigate the mode of invasion and the initial and shortterm responses of an epithelium to candida, in the absence of systemic factors which may influence the relationship in vivo. It is known that isografts of whole mammalian tooth germs exhibit continued differentiation and growth. However, the ectopic environment commonly promotes dysplastic and metaplastic changes within the graft, especially squamous metaplasia with cystic degeneration in the enamel organ. This latter change may provide an experimental model of the pathogenesis of dentigerous cysts, the rationale of which has recently been reviewed by Harris & Toller (1975) . The broad aim of the present investigations was to graft components of primate teeth and tooth germs at several stages of development and to examine their capacity for further growth and metaplasia. The teeth of young monkeys (Macaca fascicularis) were chosen because of their close similarity to the human dentition and because they are sufficiently large to be manipulated without sacrifice of the animal. The subcutaneous layer offers a large field for grafting but the identification of small grafts for harvesting is problematical. To facilitate relocation a modification was used of a method described by Lewin-Epstein (1964) , in which granulomas induced by the subcutaneous implantation of expanded polyvinyl alcohol (PVA) sponge were used as a graft bed. Our pilot studies in rats (unpublished data) had shown that sponge granulomas supported continued growth of tooth germ isografts and that the large surface area of sponge matrix appeared selectively to encourage the proliferation of metaplastic epithelium. Methods A single graft bed consisted of a 1 cm cube of PVA sponge penetrated axially by a solid polyamide rod, 2 mm in diameter and about 8 mm in length which protruded slightly from one surface. The rod held patent a channel for the placement of the graft in the mature granuloma. Sets of cubes were implanted subcutaneously in the monkey's back; after 3-4 weeks the PVA sponge was completely infiltrated by granulation tissue and was easily palpable through the skin. At the time of grafting the granuloma was uncovered through a small incision, the rod located and removed (Fig 1) , and the graft placed in the distal extremity of the channel. The rod was then shortened as necessary, gently replaced and the skin incision sutured. Sham instrumentation of
